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表 1. 中英文缩略词对照 
英文全称 英文缩写 中文全称 
Nuclear Magnetic Resonance NMR 核磁共振 
Magnetic Resonance Imaging MRI 磁共振成像 
Magnetic resonance Spectrum MRS 磁共振波谱 
3- (trimethylsilyl)[2,2,3,3-2H4]-propionate TSP 2, 2, 3, 3-氘代三甲基硅烷丙酸钠 
Mean center scaling Ctr 中心化换算 
Principal components analysis PCA 主成分分析 
Partial least squares-discriminant analysis PLS-DA 偏最小二乘判别分析 
Response permutation testing RPT 响应排序试验 
Orthogonal signal correction OSC 正交信号矫正 
Orthogonal partial least squares discriminant 
analysis 
OPLS-DA 正交偏最小二乘判别分析 
Multislice Computed Tomography MSCT 多层螺旋计算机断层摄影 
Variable importance in projection VIP 变量权重重要性 
Subcutaneous xenograft SX 皮下植瘤 
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摘  要 
胰腺癌是一种恶性程度极高的消化道类恶性肿瘤，早期无显著病征，病人在
确诊时病情基本已处于中晚期，而研究显示，直径小于 2 cm和 1 cm的胰腺癌术




















































 I I I  
 
ABSTRCT 
Pancreatic cancer is a highly malignant tumor of digestive tract. In the United 
States, the mortality of pancreatic cancer ranks the fourth among cancers, and the 
5-year survival rate is under 6% after surgery. And in China, the mortality and 
confirmed pancreatic cancer patients are higher than in USA. Because there is no 
significant symptom at the early stage of the pancreatic cancer, patients often have 
been at the advanced stage when diagnosed. Previous study shows that patients with a 
pancreatic tumor diameter less than 2 cm could have a 5-year survival rate up to 30% 
- 60%, while those less than 1 cm could have a 5-year survival rate more than 75%, 
which indicated the therapeutic effect of patients with early pancreatic cancer is far 
more better than ones with advanced tumors. 
This thesis is a part of the project “NMR-based metabonomic analysis of 
pancreatic cancer facilitates identification of biomarkers for its early diagnosis”. The 
project aims to use NMR-based metabonomic techniques to identify potential early 
biological markers for pancreatic cancer. Firstly, the metabolic similarities and 
differences were analyzed between animals and human pancreatic cancer in advanced 
stages, following by construction of animal modeling with an early pancreatic cancer, 
and try to link the results from the animal modeling to the patients and serve to the 
early diagnosis of human pancreatic cancer. Finally the potential biomarkers of early 
pancreatic cancer will be validated by the long-term tracking and verification clinical 
work. 
This thesis mainly consists of two parts. 
In the first part, NMR-based metabonomic technique was applied to identify the 
interspecies metabolic differences and similarities between humans and various 
experimental animals at a baseline physiological status by analyzing their serum and 
urine metabonomes. The results highlight that dairy cow and pig may be an optimal 















model may be the most effective for excretion studies of drugs, whereas 
Sprague-Dawley rat could be the most suitable candidate for animal modeling under 
overall considerations. Knowledge of the metabolic effects from species difference 
will enable the construction of better models for disease diagnosis, drug metabolism, 
and toxicology research. 
In the second part, NMR-based metabonomic technique combined with 
multivariate statistical analysis was applied to characterize the metabolic profiles of 
the advanced pancreatic cancer in nude mice by the subcutaneous transplantation and 
the orthotopic implantation, respectively, and further to identified the potential 
biological markers for pancreatic cancer. The results show that the significantly 
different metabolic profiles were demonstrated between the control and the two 
pancreatic cancer groups are both in blood and tissue samples, where lactate, 
branched chain amino acid and aromatic amino acids showed a significant increase  in 
the cancer groups compared with the control group, which keep consistence with 
previous related researches on pancreatic cancer; at the same time, the disordered 
Krebs cycle, lipid metabolism, glucose metabolism and oxidative stress were also 
observed in pancreatic cancer groups. The blood metabolic profile does not display 
significant differences between subcutaneous transplantation and orthotopic 
implantation pancreatic groups, which may be due to the fact that blood metabonomes 
are affected by multiple organs not only including the pancreas, which confirmed the 
similarity between two kind of tumor transplantation. However, their obvious 
differences in tissue metabolic profiles indicated the specificity of tumor 
transplantation. Therefore, although subcutaneous transplantation offers a simple, 
inexpensive, reproducible and quantifiable advantage, it displayed its inherent 
limitations; i. e. it does not accord with human pancreatic cancer pathogenesis. 
 




















癌症死亡第 4 位，且术后 5 年的生存率不足 6%[1]，是现代医学急需攻克的难题
之一。近几年，胰腺癌发病率在全球呈上升趋势，仅在美国，根据癌症协会统计，




据 GLOBOCAN 组织估计，2012 年中国分别占全球新增胰腺癌病例和胰腺癌死




期病例中，有些无法实施肿瘤切除手术，故手术不超过 20%，术后 5 年生存率仅
为 5%[5]。Chari等人曾对不同直径大小的胰腺肿瘤术后 5 年生存率进行过相关研
究，研究结果显示直径小于 1 cm的早期胰腺癌术后 5 年生存率可超过 75%，而



































径小于 2 cm肿瘤的特异性和敏感性方面存在不足，急需解决。 
（2）血清肿瘤标志物。在过去关于胰腺癌的研究文献中，已经提及一些类
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